Tissue sections were examined from a 2-year bioassay of male Fischer 344 rats treated with potassium bromate administered in drinking water. All animals exhibiting peritoneal mesotheliomas also had mesotheliomas of the tunica vaginalis testis mesorchium (the reverse was not true), and the correlation of these 2 types of mesotheliomas was highly significant (r2 = 0.98). Mapping of the tunica vaginalis tumors at all time points and at all bromate concentrations revealed a pattern of increasing incidence of tumor formation on the mesothelium of the tunica vaginalis testis as a function of proximity to the mesorchial ligament. Thus, the mesorchium appears to be the major mesothelial target site for potassium bromate-mediated carcinogenesis. The frequency of occurrence of mesotheliomas by location was tunica vaginalis testis (25%), mesosplenium (20%), mesentery (10%), mesojejunum/mesocolon (8%), bladder (6.5%), mesogastrium (13%), liver serosa (5%), and kidney, small intestine, and rectum (1% each). A complete cross-section of the rat testis was prepared and used to construct a complete map of the mesothelium. Any attempt to determine the role of local dose and tissue susceptibility for the purpose of interspecies risk extrapolation must take into account the complex anatomy and physiology of this region of the visceral and testicular suspensory apparatus. Improved histologic approaches are needed for adequate assessment of this delicate suspensory system.
INTRODUCTION
Potassium bromate is produced during the ozonation or chlorination of surface water via hydroxyl radical generation (10) . This chemical mechanism is of particular concern in waters with high bromine content, such as certain highly brackish aquifers. The US Environmental Protection Agency (EPA) has promulgated proposed standards for the regulation of bromate content in finished drinking waters (22) . More information is needed, however, regarding the effects of potassium bromate upon human health, because mechanistic data can now be more readily incorporated into risk assessment models based upon the US EPA guidelines (23) .
The historic uses and acute toxicity of potassium bromate have been well characterized (12, 24) . A very strong oxidizing agent, potassium bromate represents a severe hazard in both acute and chronic scenarios. Potassium bromate is a complete carcinogen. It reportedly produced cancerous lesions in the kidney, thyroid, and peritoneal mesothelium of the male Fischer 344 (F344) rat, the kidney of the female F344 rat, the kidney of male Syrian golden hamsters, the kidney and small intestine of B6C3F, male mice, and the liver of male CDF, mice (5, 7) . Kurokawa and colleagues (13) have extensively investigated the etiology and mechanism(s) of potassium bromate carcinogenesis in the rat kidney. The rat mesothelium has received little or no attention in the laboratory, however, because of the inherent difficulties of working with this delicate and anatomically complex tissue. This lack of attention by no means diminishes the importance of this target organ in toxicity studies; in a recent US EPA bioassay, 62.8% of animals fed drinking water containing 0.4 g/L potassium bromate (KBr03) developed peritoneal mesotheliomas (3) . Mesothelioma occurs in species ranging from lower vertebrates to birds, marsupials, and domestic mammals (11) . Mesothelioma can be ideopathic in origin or may be induced. Mesothelioma can be induced by any 1 of 3 asbestiform and 19 other natural fibers, 9 man-made mineral fibers, at least 27 separate chemicals (eg, acetamide N-2-fluorenyl, dichlorobucil, ethylene oxide, and synthetic estrogen), 14 metals, at least 12 polymers and by 8 different viruses (11) . In the rat, spontaneous mesotheliomas have been noted in F344, Sprague-Dawley, Wistar, and Norvegicus strains, in both males and females. In male rats, the usual location of these neoplasms is either the tunica vaginalis testis or the peritoneum, whereas in females the location is typically the ovary or peritoneum. The pleura is the next most frequently cited location in both males and females; occasionally the peritoneum and pleura are both involved. Most tumors are observed in aged rats (~2 years of age) and therefore would not appear in studies of short duration.
Historically, the frequency of spontaneous mesotheli-FIGURE l.-Representation of the rat tunica vaginalis testis used to map tumors. oma occurrence in rats of these species ranges from 0.2% to 5%. In spontaneously occurring mesotheliomas, most tumors begin in the tunica vaginalis testis mesothelium and spread to the peritoneal mesothelium via seeding (8, 20) . Spontaneous mesotheliomas have been attributed to hormonal imbalance, and it has been speculated that the mesothelium of the tunica vaginalis testis represents an especially susceptible tissue because tumors were induced there by AT-ethyl-N-nitrosourea at doses not inducing tumors in any other location (14) .
In this study, we examined potassium bromate-induced mesothelial tumors in the male F344 rat to see whether an anatomical pattern of distribution exists. Significant species/gender differences in the metabolism and consequent disposition of potassium bromate and its metabolite(s) during the development of malignant mesotheliomas would be of great interest because new information on mechanisms of carcinogenesis in the rat might be found that might inform new mechanisms of carcinogenesis in humans. Such information may assist in formulating risk assessment guidelines for human health. The objective of this study was the more precise determination of the site of origin and incidence of these mesothelial tumors.
MATERIALS AND METHODS
Bioassay Materials. Materials from a 2-year F344 rat bioassay (3) were re-examined, and lesions were mapped. Hematoxylin and eosin (H&E)-stained 5-~Lm-thick sections from formalin-fixed tissues were used. Tissues from FIGURE 2.-Testicular blood supply in the rat. [Adapted from Greene (9) .] all time points (13, 26, 52, 96 , and 100 weeks) were examined at all potassium bromate concentrations (0, 0.02, 0.1, 0.2, and 0.4 g/L). All tissues available from animals listed as &dquo;found dead&dquo; and &dquo;moribund sacrifice&dquo; were also examined. Slides were available from at least 6 animals per treatment group per time point, giving a total of 352 animals examined. Lesion Mapping. A lesion recording map was designed (Figure 1) using 2 landmarks as reference points: the mesorchium of the tunica vaginalis testis and the testicular artery and adjacent vein (Figure 2 ), which were generally prominent. Where these features were not distinguishable because of tissue destruction, mapping was omitted (2 rats). All rats included in this assessment displayed at least 1 morphologically intact testis of the pair, ie, it was not missing the mesothelial tunic. The map was divided into 8 equal sectors of the roughly circular testicular cross-section. The mesorchial ligament was placed at the top of the map, at the juncture of segments 1 and 8. The branch of the testicular artery used as a landmark may occur either just to the left or just to the right of the mesorchial attachment, depending upon orientation of the tissue on the slide. Using this template, tumor distribution was mapped as it appeared on the slide. The number of tumors that occurred in each octant and the defined stages (1-6, below) was quantified. Additionally, the number and stage of mesotheliomas on the spleen and/or mesosplenium were recorded.
Statistical Tests. The probability of chance occurrence H&E. X 10.
with greater frequency on the mesorchium than at other locations on the tunica vaginalis (decreasing frequency with distance) was assessed using Student's t-test. The probability of chance concomitant occurrence on both the tunica vaginalis mesorchium and the mesosplenium was evaluated by calculation of a correlation coefficient. The observed frequency of occurrence of tumors in the mesorchium and mesosplenium was summed and compared with the expected frequency, based on random probability.
Testicular Cross-Section and Fixation. To observe the spatial arrangement and the relationship of the mesorchium to the epididymis and testis, a 6-month old male F344 rat was euthanatized by CO2 asphyxiation, and the head, tail and other extremities were removed. Deep incisions were made inguinally. The trimmed rat was fixed by whole-body immersion in 10% neutral buffered formalin for 2 months. The fixed rat was washed in running tap water for 24 hours, and the scrotum was trimmed away from the rest of the tissue. The whole scrotum was shaved and dehydrated through a graded series of alcohols to xylene as follows: 70% alcohol for 7 days (2 changes), 75% ethanol for 2 days, 85% ethanol for 24 hours (2 changes), 95% ethanol for 24 hours (3 changes), 100% ethanol for 24 hours (4 changes), 50:50 absolute ethanol: xylene (1 change, 3 hours), and 100% xylene (18 hours, 2 changes). The whole scrotum was then embedded in paraffin (3 changes of paraplast, 3 hours each, at 65°C) and mounted on a steel chuck (approximately 3 X 1 cm), and 5->m-thick sections were prepared from the approximate center of the block. Slides were stained with H&E using standard techniques.
RESULTS

Control Animals
A nonneoplastic tunica vaginalis testis seen in crosssection ( Figure 3 ) consists of a single contiguous layer of fusiform mesothelial cells lining the outside of the tunica albuginea, a cover external to the testis. These cells have a single oval nucleus and delicate faintly eosinophilic cytoplasm.
Kbr03-Treated Animals
Tumor Classification. Abnormal mesothelial growth was classified according to the following criteria (developed in-house). 1 
. Reactive mesothelium (Figures 4 and 6)-cells with
darkly staining nuclei and an increased nucleus: cytoplasm ratio; a rounded outline that projects outward from the serosal surface resulting in a &dquo;cobblestone&dquo; appearance.
2. Hyperplasia-increase in the thickness of the mesothelium to > 1 cell. Figure 3 )-all characteristics of reactive mesothelium and hyperplasia. 4 . Early stage mesothelioma-solid expansion or papillary growth and all characteristics of preneoplasia. 5. Intermediate-stage mesothelioma-stromal proliferation and some obscuring of normal tissue structure or evidence of deteriorated normal structures and all characteristics of early stage mesothelioma. 6. Late-stage mesothelioma (Figure 7 )-growth that overwhelms, obliterates, compacts, and/or strangulates normal tissues; smaller, compacted tumor cells; may contain necrotic centers; and all characteristics of intermediate-stage mesothelioma.
The incidence and stages of the mesotheliomas in this study are summarized in Table 1 and Figures 8-11 . Tumor Incidence. Of 370 animals treated by oral administration of potassium bromate in this study, 8 .2% (0.02 g/L) to 62.8% (0.4 g/L) developed mesotheliomas, with a control incidence of 0% (3). A detailed examination of the data collected at necropsy revealed that 25% of all observed mesotheliomas occurred on the tunica vaginalis testis and 20% occurred on the mesothelium of the spleen. The remainder of the mesotheliomas occurred on the mesothelium of the mesentery (10%), jejunum and colon (8%), pancreas (7%), urinary bladder (6.5%), stomach (6%), liver (5%), and caecum, rectum, and kidney (1% each).
Tumor Location. Hyperplastic and preneoplastic lesions were first visible on the mesorchium of the tunica vaginalis testis and the mesosplenium at week 13. From week 13 onward, hyperplastic and preneoplastic lesions were visible in both locations (mesorchium and mesosplenium), and at week 52 frank mesotheliomas appeared on the mesorchium (at 13 weeks on the mesosplenium) ( Table 1 ). All 6 stages (reactive mesothelium, hyperplasia, preneoplasia, and early, intermediate-stage, and latestage mesothelioma) were present from week 52 onward in all potassium bromate-exposed groups ( Table 1 and Figures 8 and 11 ). Two preneoplastic lesions and 1 mesothelioma located on the mesorchium of the tunica vaginalis testis were identified in control animals at 96 weeks. On the surface of the splenic capsule/mesosplenium of control animals, 8 cases of reactive mesothelium (week 26 onward), 8 cases of preneoplasm (week 13 onward), and 2 cases of frank mesothelioma (weeks 78 and 96) (Table 1) were observed. In the &dquo;found dead&dquo; and &dquo;moribund sacrifice&dquo; groups, 14 mesotheliomas were noted on the mesorchium and 9 were noted on the mesosplenium for all doses of potassium bromate administered ; none were noted in control animals (weeks of treatment duration unknown, doses noted in Table 1 ).
Lesion Mapping
Mapping of the mesotheliomas of the tunica vaginalis testis revealed a pattern of decreasing incidence of tumor At 100 weeks, the number of tumors in sectors 1 and 8 was significantly higher in all dose groups (p < 0.001) than the number of tumors in sectors farther away from the mesorchium. The proliferative response increased with increasing dose administered. On the surface of the splenic capsule, all observed mesotheliomas were confined to or involved the mesosplenium.
Preneoplastic and hyperplastic lesions were seen by 13 weeks on both the mesorchium ( Figure 11 and Table 1 ) and the mesosplenium but not at other mesothelial locations examined. Mesorchial locations outside of the testis (ie, within the peritoneum) were not available for examination. The correlation coefficient (r2) for relatedness between occurrence in both the mesorchium and mesosplenium ( Table 2 , columns 1 and 2) was 0.98 (for all time points combined) when numbers of tumors were compared at each dose. Furthermore, of 352 rats examined 61 (17.3%, all doses and times) had tumors on the tunica vaginalis testis mesorchium and 48 (13.6%, all doses and times) had tumors on the mesosplenium. Thus, the probability of observing tumors in both tissues by chance is 0.173 x 0.136 = 0.023, or 2.3% (8 of 352 animals). However, the actual occurrence of tumors in both sites concurrently was 28/352, or 7.9%; therefore, there is an excess risk of 5.7% or 1/18 over that expected given random probabilities (based on actual observed numbers of tumors in each tissue individually). Based on these calculations, the probability that the occurrence of tumors in these 2 sites is linked is very high.
Histology Figure 12 is a photomicrograph of the H&E-stained section ( X 1 ) of the whole rat scrotum. The testicular coverings are, starting from the outermost layer, skin and tunica dartos (the tunica dartos forms the scrotal septum; 1), external spermatic fascia (2), cremaster muscle and cremasteric fascia covering it (3), internal spermatic fascia (4), and tunica vaginalis parietalis (5) . The testis (T) is surrounded by the tunica albuginea (A), a thick fibrous wall, and outside of this is surrounded by the tunica vaginalis visceralis (V). The tunica vaginalis visceralis extends from the vaginal ring at the extremitas capitata of the testis to the extremitas caudata of the testis, where lies the epididymis caudata. The border of the testis that is attached to the scrotal wall is the epididymal border, opposite of which is the free border. The proper ligament of the testis attaches the epididymis (E) to the testis along the epididymal border. A testicular bursa (B) occurs between the epididymis and the testis. This bursa consists of a recess in the fold of the proper ligament. The duct of the epididymis (cauda epididymis) is long and coiled, and its diameter increases as it nears the ductus deferens (D), with which it is contiguous. The ductus deferens is enclosed within its own mesothelial covering, the mesoductus deferens. The ductus deferens, testicular artery The tunica vaginalis parietalis is contiguous with the peritoneal parietal mesothelium. The visceral tunic is contiguous with the mesorchium (M), a long serosal fold suspending the testis, and contains the spermatic cord. The long, narrow fold of serosal tissue attaching the epididymal border of the testis to the tunica vaginalis parietalis * Differs from previously reported [4] data. (proper ligament of the testis) is also part of the mesorchium. From it ensues a further fold, the mesepididymis (ME), which passes laterally along the epididymis. The mesepididymis and mesorchium bound the testicular bur-sa. The mesorchium from the vaginal ring to the testicular caput is called the mesofuniculum (which would be visible upon longitudinal or extremitas capitata section of the testis only), which attaches the spermatic cord to the FIGURE 9.-Malignant mesotheliomas on the rat tunica vaginalis testis: distance of tumor from mesorchium vs number of tumors at week 100. tunica vaginalis parietalis by means of mesothelial tissue. The ligament of the tail of the epididymis is otherwise known as the distal free end of the mesorchium. All structures outward starting from the mesofuniculum are typically lost at necropsy (Figure 12c ); however, in some cases, removal of the testis includes some tearing of tissue, which may mean none of the mesorchial structure remains. Only very rarely is the parietal mesothelium included in the sectioned tissue. Commonly, the tunica vaginalis visceralis is disrupted, at least briefly, at 1 or more points surrounding the testis.
Mesotheliomas appear to occur first on the mesorchium or the mesosplenium or at some point on the mesothelium lying in between these suspensory apparati (which is lost during routine necropsy procedures and therefore could not be observed in this study).
DISCUSSION
With time, the potassium bromate-induced proliferative response on the mesorchium became more frequent (Figure 11 ), extensive, and biologically aggressive. This finding and the increased incidence of mesotheliomas at 0-1 map units from the mesorchium vs greater distances suggest that the probability of tumor origination on the tunica vaginalis mesorchium is greater than that in all other sites of the tunica vaginalis examined. This pattern is consistent with tumor spreading from the mesorchium of the tunica vaginalis testis to the peritoneal mesothelium via the inguinal canal but is also consistent with spread from the mesosplenium to the mesorchium. A distinct possibility is that the actual origin lies somewhere in between these 2 locations, but because tissue was not available for examination no definitive conclusions can be reached. More tumors occurred in the mesorchium without concomitant mesosplenic occurrence at later time points, whereas more occurred in the mesosplenium at earlier time points and in both the &dquo;found dead&dquo; and &dquo;moribund sacrifice&dquo; groups (Table 1 ). (Other types of tumors observed in the &dquo;found dead&dquo; and &dquo;moribund sacrifice&dquo; animals included thyroid follicular cell adenoma/carcinoma, splenic mononuclear cell leukemia, and renal tubular cell adenoma.) One possible explanation for this set of circumstances is that mesosplenic malignant mesotheliomas resulted in early deaths. The incidence of tunica vaginalis mesorchial mesotheliomas may, in fact, be higher at later time points because they are less lethal or for other unknown reasons.
The spermatic cord (Figure 13 ) runs through the ab-dominal ring and leads from the peritoneal cavity into the scrotal sac. The spermatic cord contains the spermatic artery (carrying blood to the testis; Figure 2 ), testicular lymphatic drainage portals, the source of enervation to the testis, the pampiniform plexus (venous bed allowing blood drainage and facilitating cooling of the blood entering the testis), and the musculature supplying the testis. The mesorchium connects the testis to the epididymis (Figure 2 ) and scrotal wall and extends laterally along the entire testis and through the inguinal canal at least to the lumbar peritoneal region. The data presented here indicate that a significant number of potassium bromateinduced tumors occur in the mesorchium (sections cut approximately midway through testes) of the treated rats. These mesotheliomas might have originated on the mesorchium at the juncture of the spermatic cord with the testis or at any distance, cranial or caudal, along the mesorchium. If in fact a &dquo;hotspot&dquo; along the mesorchium exists, it cannot be located solely based on the data of the present study. The focus now points to the mesorchial ligament as the point of origin for tumor development. It remains for improvements in histologic techniques to facilitate clearing up this question.
Factors that may contribute to the development of tumors in the mesothelium at the convergence of the mesorchium with the testis include (a) blood Blood flow may be intimately involved with the process of tumor development because of the swift delivery through the spermatic cord of substances via the circulation. Kurokawa et al (13) investigated the disposition of potassium bromate given intragastrically to male Wistar rats. Bromate and bromide levels in various organs were measured. After 24 hours, approximately 30% of parent compound was detected in the urine, and bromide levels were increased significantly in the plasma, red blood cells, kidney, pancreas, stomach, small intestine, and urine. Bromate was absorbed and degraded within 2-4 hours in the stomach, small intestine, plasma, and urine.
No bromate was detected in the urine at doses of less than 2.5 mg/kg; however, at doses of 5 mg/kg upward, the amount of bromate in the urine increased proportionally to dose. Thus, it appears that potassium bromate administered orally is rapidly distributed throughout the body via the circulatory system. Some of the potassium bromate is then excreted unchanged; however, 70% remains in the body at 24 hours. The testicular artery originates from the abdominal aorta, following a tortuous path to enter the scrotal sac via the abdominal ring and branching to supply the vas deferens before entering the rete testis. The vas deferens branch follows the epididymis, and both branches are attached to the testis by a visceral fold of the tunica vaginalis (part of the mesorchium). The spermatic, cremasteric, and vas deferens arteries anastomose juxtatesticularly, maintaining close contact within the spermatic cord. This arrangement could allow for diffusion of potassium bromate out of 1 (6) .] or more of the vessels and into the other(s) and into the immediately surrounding tissues (eg, tunica vaginalis, epididymis). Unfortunately, the majority of these structures are destroyed during routine necropsy procedures, rendering meaningful observations about their role in the development of lesions speculative. Not yet explored are the mesorchial reaches in the lumbar region within the peritoneal cavity, which in some species may extend to the aorta. The direction of the flow of peritoneal fluid may assist in the distribution of blood-bome potassium bromate more quickly and directly to the testicular tunic than to other anatomic sites, but there is no detailed knowledge of the flow field. With respect to heating and cooling processes, the valved spermatic veins leave the testis dorsalis, are joined by veins from the epididymis, and form the spermatic plexus (plexus pampiniformis). This large and convoluted mass of vessels fills most of the spermatic cord and effectively cools arterial blood passing into the testis by a countercurrent mechanism. The nest of veins coalesces into first several and then 2 veins as the blood passes upward through the inguinal canal into the abdomen. The testicle is maintained at a significantly cooler temperature than the trunk, facilitating optimal spermatogenesis and maintaining constitutive antioxidant enzyme activity (1) . Thus, the cooling function of this plexus is essential to health, especially in the event of oxidative stress, such as that reportedly induced by potassium bromate (2, 18, 21) . Such oxidative stress reportedly induces lipid peroxidation, 8-OH-deoxyguanosine adducts, and/or DNA glycosylase activity (the repair enzyme for 8-OHdeoxyguanosine lesions) (vide supra). However, cold or physical stress stimulates withdrawal of the testes into the abdomen, as a result of which the activities of the antioxidant enzymes superoxide dismutase (SOD, the Cu/Zn form) and catalase are greatly reduced. If the testes re-main in this position over extended periods of time, especially during exposure to potassium bromate, the ensuing toxicity might be exacerbated. Experiments using gene expression array technology are underway to investigate whether Cu/Zn SOD expression is increased 24 hours after potassium bromate exposure in vitro. If expression is increased, it may be a compensatory response to oxidation or to suppressed SOD enzyme function. Thus, the venous drainage from the testicle and the physiologic processes such as withdrawal into the abdominal position may be factors in the local toxicity of some circulating compounds. The countercurrent mechanism of cooling also may assist potassium bromate deposition in the testis, perhaps by changing the solubility and therefore the partitioning of potassium bromate between the testis (via the tunica vaginalis) and the venous blood.
The visceral and parietal tunica vaginalis is a completely enclosed pouch in humans (16) but not in other animals. In the rat, the parietal tunica vaginalis is contiguous with the parietal peritoneal mesothelium at the abdominal ring, and the visceral tunic is contiguous with the mesorchium, the length of which differs among species. Therefore, the spread of mesothelioma from the testicular tunica vaginalis mesothelium into the peritoneum (or the reverse) by &dquo;seeding&dquo; can proceed unimpeded by anatomic blockage in rats and other animals but not in humans.
The superficial lymphatic vessels of the testes begin on the tunica vaginalis surface and merge to form larger vessels as they enter the spermatic cord; deeper lymphatic vessels originate in the rete testis and epididymis, merging at the spermatic cord. Lymphatic drainage thus occurs through one of several large vessels contained within the spermatic cord and terminates in the lumbar lymph nodes. The hilus of the kidney and spleen contain the lymphatic drainage sites for those organs as well. These 3 separate organs are targets for potassium bromate-associated tumor development. All specifically show a preponderance of mesothelial lesions located on the suspensory apparati. The passage of toxic products of metabolism occurring at or through lymphatic drainage ports within the suspensory ligaments could be responsible for the nascence of lesions at these sites. This mechanism of occurrence may be independent of the process that results in thyroid neoplasms.
Mesothelial cells are especially plastic and immortalize spontaneously with ease (21) . This characteristic has made mesothelial cells an attractive model for in vitro studies of asbestos carcinogenicity, for which mesothelium is the target tissue (15) . There may be a missing tumor suppressor function in these cell populations, leading under certain circumstances to a self-perpetuating autocrine growth factor loop. Additionally, mesothelial cells (at least in vitro) do not contain as much endogenous reduced or total glutathione reserves as do nontarget cells [eg, HepG2 (Crosby, unpublished observations)]. Because glutathione plays an important role in oxidative stress (and potassium bromate) toxicity (17, 19) , even though it is as yet unclear what that role may be, mesothelial cells may be intrinsically less capable of dealing with the insult of oxidative stress from potassium bromate. Alternatively, a combination of anatomic uniqueness and mesothelial cell population sensitivity may account for the appearance of these tumors in significant numbers at this location. The carcinogenic properties of o-nitrotoluene are similar to those of potassium bromate (4) . During 13 weeks of oral treatment, male rats developed mesotheliomas of the tunica vaginalis, mesothelial cell hyperplasia, and kidney toxicity including hyaline droplet nephropathy, and increased ot2l-globulin concentration was observed. Furthermore, spleens of male and female rats showed increased hematopoiesis, hemosiderin deposition, and/or congestion. The study of o-nitrotoluene, or that of any of they 100 other agents that induce mesothelioma, may provide clues as to the confluence of events precipitating the development of neoplasms of the mesothelium. The role of oxidative stress in the generation of mesotheliomas must be addressed through further study of 1 or more of these carcinogenic compounds.
Studies of these lesions should be directed toward their tissue of origin, despite the complexity and difficulty in making such determinations. We strongly advocate the inclusion of whole tissue cross-sectioning techniques during necropsy where possible to avoid the inadvertent destruction of essential information.
